Backgrounds/Aims: It has been reported that functional hepatogenic differentiation has the possibility to occur in subcutaneous adipose tissue-derived stem cells. However, no studies have investigated whether the adipose tissue-driven stem cells present in various body parts differ according to hepatogenic differentiations. In this study, stem cells were separated from body visceral fat and abdominal subcutaneous adipose tissue, and cultured, and then hepatogenic differentiation was induced. We aim to investigate the possibilities and aspects of hepatogenic differentiations within the two types of fat cells. Methods: Omental fat tissues were obtained as visceral fat and abdominal subcutaneous adipose tissues were obtained from patients who had suction-assisted lipectomy. Stem cells were separated from the obtained fat tissues, and then, hepatogenic differentiation was carried out by utilizing 2-step differentiation protocols. Results: After the differentiation, two types of cultured cells that showed the similar neuron-like shapes were changed to cuboidal shapes and included several binucleated cells which could be characteristics of mature hepatocytes. We confirmed that hepatocyte specific genes and proteins such as albumin and CYP3A4 were being expressed. By utilizing the ELISA test, we were able to observe that the albumin was secreted into the culture fluids in both cells. After completing the differentiation, we observed the presence of the hepatocyte specific properties by confirming glycogen storage within the cells and the ICG reagent uptake. Conclusions: We confirmed that hepatogenic differentiation was possible to occur in the omental fat as well as subcutaneous adipose tissue. 
INTRODUCTION
A liver transplantation would be the only definite treatment of liver failure at the last stage. However, a lot of patients die without having the transplantations due to the lack of people who provide livers as compared to the patients who are in need of the liver transplantations.
As recent emerging of the regenerative medicine, the hepatocyte transplantation gained attentions as replacements of the liver transplants for patients with the last stage of liver failures. It was reported in several researches that hepatocyte transplantation lowered the mortality rates of the patients with acute liver failures and would be helpful in treatment of the patients with metabolic liver diseases. [1] [2] [3] However, the challenges of supply- sponses have a lower differentiation capacity than the embryonic stem cells. 4, 5 The mesenchymal stem cells were not only found in bone marrows of the body but also in several connective tissues and peripheral blood vessels.
Among those, adipose tissue-derived mesenchymal stem cell (ADSC) has gained interests as it is easy to absorb large quantities as compared to other tissues in the body. [6] [7] [8] So far, it has been reported that hepatogenic differ-entiation is possible to occur in the stem cells derived from subcutaneous adipose tissues. 
METHODS

Subjects
For visceral fat, omental tissue was obtained from patients who voluntarily agreed with the experiment among those who had abdominal surgery. Abdominal subcutaneous adipose tissue was separated from the patients who had suction-assisted lipectomy in plastic surgery hospitals.
This study was carried out with the approval of Bioethics
Committee in Catholic University of Korea.
ADSC separation and culture
The collected fat tissues were washed with PBS solutions (Gibco BRL, Grand Island, NY, USA) and cut into smaller pieces. Then 25 ml of the pieces were placed in sterilized 50 ml conical tubes and type I collagenase (Gibco BRL), with 0.075%, was added and incubated at 37 o C for 30 minutes in a shaking incubator in order to eliminate other substrates besides the fat tissues. Then, the type I collagenase was neutralized by Dulbecco's modified Eagle's medium-low glucose (DMEM-LG, Gibco BRL) containing 10% fetal bovine serum (FBS, Gibco BRL) and the samples were centrifuged at 3,000G for 5 minutes. The precipitates were separated by eliminating the supernatants, which were the fat tissue layers on top.
The precipitates were washed with DMEM-LG several times, then placed in a T75 flask with DMEM medium containing 10% FBS/antibiotics (100 U/ml penicillin, 0.1 mg/ml streptomycin), and incubated in an incubator at 37 o C with 5% CO2. The medium was replaced twice a week and if confluent of the cultured cells were 70-80% of the culture plate, the cells were subcultured twice using the 0.125% trypsin-EDTA (Gibco BRL).
Induction of hepatogenic differentiation
Before inducing the hepatogenic differentiation of the 1st or 2nd subcultured ADSC, plasma was eliminated via conditioning for 2 days in order to stop cell proliferations, and the samples were cultured in DMEM medium containing 20 ng/ml of hepatocyte growth factor (HGF, SIGMA-ALDRICH) and 10 ng/ml of fibroblast growth factor-basic (bFGF, Gibco BRL). Then, hepatogenic differentiation utilizing 2-step protocol was induced for 3
weeks. In the first step, the differentiation was carried out by culturing for 7 days in DMEM medium containing 20 ng/ml of HGF, 10 ng/ml of bFGF and 4.9 mmol/L of nicotinamide. In the second step, the cells were differentiated and matured by culturing for 2 weeks in DMEM medium containing 20 ng/ml of oncostatin M (OSM, SIGMA-ALDRICH), 1 μmol/L of dexamethasone and 10 μl/ml of ITS Premix (100 μmol/L insulin＋6.25 μg/ml transferin＋3.6 μmol/L selenious acid＋1.25 mg/ml BSA ＋190 μmol/L linoleic acid, BD Biosciences). The medium was replaced twice a week and cell morphology was examined in each step with an optic microscope.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
RNAs of the whole cells used in the experiment were separated from the cells using trizol reagent. Polymerase chain reaction was performed using the superscript III reverse transcripase (Invitrogen, Tokyo, Japan) and the hepatocyte specific gene primer was used in order to examine the differentiated hepatocytes. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a control.
Albumin secretion measurement utilizing enzyme-linked immunosorbent (ELISA)
In order to measure the albumin that was secreted to the medium, the cultured cells incubated in the plasma removed the DMEM-LG medium by blocking the supply of nutrients for 20 hours. Then, the albumin secretions, both before and after the differentiation, were analyzed utilizing the human albumin ELISA kit.
Periodic Acid Schiff (PAS) staining
In order to confirm the pigmentation of glycogen molecules within cells, the cells were washed with PBS 3 times and treated with 4% paraformaldehyde for 1 hour. Before differentiation culture, MSC from abdominal subcutaneous adipose tissue (A) and omental fat (B) showed bipolar neuron-like morphology. However, both types of MSC from abdominal subcutaneous adipose tissue (C) and omental fat (D) significantly changed the morphology, and developed a cuboidal shape and many of them appeared to be binucleated cells (arrows), which are typical hepatocytes after differentiation steps (magnification: A, B ×100; C, D ×200).
After oxidizing with 1% periodic acid at room temperature for 20 minutes, the samples were treated with Schiff's reagent for 40 minutes and counterstained using haematoxylin. We examined whether the purple-stained glycogens were present or not by using an optic microscope.
Indocyanine green (ICG) cellular uptake
In order to examine the ICG cellular uptakes, the cells were cultured in the medium containing 1 mg/ml of ICG for 1 hour, washed with PBS, and then, the uptake of ICG, which was green, was being examined.
RESULTS
Morphological change in ADSC differentiation
Both ADSC obtained from omental fat and subcutaneous adipose tissues showed similar neuron-like morphology. When the hepatogenic differentiation was completed, although some of the cells were separated on the culture plate, both cells had a cuboidal shape, and several binucleated cells which were exhibited, could be a characteristic of mature hepatocytes (Fig. 1) .
RT-PCR analysis regarding hepatocyte specific genes
Before the differentiation steps, ADSC obtained from omental fat and subcutaneous adipose tissues were ex- pressed weakly or not expressed with regards to ALB and CYP3A4, the hepatocyte specific genes. As the differentiation proceeded, the expression gradually increased (Fig. 2) .
ELISA test regarding albumin secretion
After the differentiation was completed in ADSC obtained from omental fat and subcutaneous adipose tissues, the albumin secreted in medium that nutrients were not supplied for 20 hour by eliminating the plasma was (Fig. 3) .
PAS staining
Before the differentiation steps, the ADSC obtained from omental fat indicated negative PAS. However, after the differentiation steps, we observed that most of the cytoplasm insides were stained with intense purple (Fig. 4) .
ICG uptake
Before the differentiation steps, the ADSC obtained from omental fat did not show the ICG cellular uptakes. However, after the differentiation steps, we observed that most of the cytoplasm insides were green due to the ICG cellular uptakes (Fig. 5 ).
DISCUSSION
In this study, we separated ADSC from subcutaneous adipose tissues and omental fat tissues, and then, hepato- In conclusion, it was confirmed that ADSC, isolated from visceral fat tissues, were able to differentiate the cells with mature hepatocytes shapes as well as hep-atocytes specific functions. It was also shown that omental fat tissues, which can be easily obtained via abdominal surgery, except for the subcutaneous adipose tissues, could be differentiated hepatogenically; these cells would be good resources of cellular treatment for liver diseases in the future.
